Abstract. We discuss flavour dependent lepton asymmetries in the Exceptional Supersymmetric Standard Model (E 6 SSM). In the E 6 SSM, the right-handed neutrinos do not participate in gauge interactions, and they decay into leptons and leptoquarks. Their Majorana nature allows violation of lepton number. New particles and interactions can result in substantial lepton asymmetries, even for scales as low as 10 6 GeV.
INTRODUCTION
The generation of the Baryon Asymmetry of the Universe (BAU) is a long-standing problem of particle cosmology. One plausible solution is thermal leptogenesis, where the Majorana right-handed (RH) neutrinos decay out-of-equilibrium into left-handed lepton doublets. CP violation in these decays leads to a non-zero lepton asymmetry as the universe cools down. Sphaleron processes convert part of this lepton number asymmetry into a baryon asymmetry in the universe before nucleosynthesis.
However, in the seesaw scenario, the Yukawa couplings of RH neutrinos influence the light neutrino masses, constraining the generation of lepton asymmetry. In order to generate a sufficient lepton asymmetry in the Standard Model (SM) or the Minimal Supersymmetric Standard Model (MSSM), the mass of the lightest RH neutrino, M 1 , should be 10 9 GeV or larger. On the other hand, the reheating temperature T R should be of order of M 1 because RH neutrinos are produced thermally. The reheating temperature is constrained by the production of gravitinos in supergravity models, which requires T R < 10 7 GeV. This tension in the choice of the reheating temperature is known as the gravitino overproduction problem. Therefore it is interesting to consider leptogenesis in extended supersymmetric models; here we investigate the E 6 SSM [1] . N at low energies, which can originate from the breaking of an E 6 GUT theory. The
where U(1) χ and U(1) ψ appear from the decomposition of SO(10) and E 6 respectively. RH neutrinos are singlets with respect to U(1) N and therefore may gain large masses. 
The Z H 2 symmetry can only be approximate in order to allow exotic quarks to decay; couplings which break Z H 2 should be suppressed. Via Z H 2 symmetry breaking, the RH neutrinos couple to all leptons and H 2,i of all generations. In model II, couplings of RH neutrinos to leptoquarks and down-type quarks (three generations) are also allowed. The corresponding contribution to the superpotential reads: 
LEPTON ASYMMETRIES
The first step in the study of leptogenesis is the calculation of the lepton asymmetries. Let's consider the situation where the Z H 2 symmetry is conserved. In this scenario, the RH neutrinos couple to the first three generations of leptons and L 4 with H u . The decay channels include
where k = 3 only. The flavour dependent lepton asymmetries originate from the interference of tree-level decay amplitudes and one-loop corrections. Calculating the one-loop diagrams we find
where M i=1,2,3 are the masses of RH neutrinos. We assume M 1 ≪ M 2,3 for all scenarios in this contribution. When the effect of Z H 2 symmetry breaking is considered, we should include the first and second generations of H u k in the final states. The possible RH (s)neutrinos decay channels are given by Eq.(4) with k = 1, 2, 3, resulting in,
where
It is convenient to define the total lepton asymmetries associated with each lepton flavour,
In model II, leptoquarks may also contribute to the generation of lepton asymmetries. The additional RH neutrino decays are,
Notice that no baryon number is generated due to the presence of D k andd c i in the final state, so only the lepton number violation need be considered. The lepton asymmetries with exotic quarks in the final states are,
The new coupling of RH neutrinos and leptoquarks also contribute to ε k 1, ℓ x . This can be described by Eq.(6), but with A 2 , A 3 replaced by A 2 , A 3 separately. To illustrate how lepton asymmetries can be enhanced by these new couplings, we consider the generation of lepton decay asymmetries within see-saw models with sequential dominance [4] . The RH neutrino mass matrix and the Yukawa coupling matrix can be written as,
(12) According to sequential dominance
and |A 1 | ≪ |A 2,3 |. The left-handed neutrino masses can be obtained by diagonalizing the effective mass matrix in the basis of (ν i , N i )
which gives, where v u is the vev of Higgs field H u and s 12 ≡ sin θ 12 is the sine of the 1-2 neutrino mixing angle. We further assume that A 1 = 0, A 2 = −A 3 = |A|e iφ A and B 1 = B 2 = B 3 = |B|e iφ B as in Constrained Sequential Dominance. Note that M A,B,C ≃ M 1,2,3 , the RH neutrino masses, since diagonalizing the mass matrix gives a tiny contribution to the RH neutrino masses. Using the light neutrino masses m 2 ≃ 8.7 × 10 −3 eV, m 3 ≃ 4.9 × 10 −2 eV as in the case of a normal hierarchy, the relations outlined above provide all relevant Yukawa couplings, dependent only on the RH neutrino masses. We plot the maximal lepton decay asymmetries in Figs.(1-3) . We adopt a notation where couplings of the
We estimate that in order to generate the observed baryon asymmetry with efficiency factor of η ∼ 0.1, we require lepton decays asymmetries of order 10 −5 .
In Fig.(1) we restrict our consideration to the Z H 2 symmetric case and ignore the couplings of the heaviest RH neutrino. One can see that a substantial CP asymmetry associated with L 4 can be achieved even for
is of the order 10 −1 -10 −2 .
Figs. (2) and (3) illustrate scenarios with broken Z H 2 symmetry. In this case, for simplicity, we ignore the Yukawa couplings of L 4 to the RH neutrino. In Fig.(2) we examine the dependence of the maximal CP asymmetry Fig.(3) we consider the generation of CP asymmetries in model II. For simplicity, we ignore the couplings of all exotic particles except those of the third generation of leptoquarks D 3 , which predominantly couples to the RH b-quark d 3 and the two lightest RH neutrinos, N 1 and N 2 . As in the previous two cases, an appropriate amount of CP asymmetry can be generated by the couplings of the exotic quarks.
CONCLUSIONS
We calculate the flavour dependent lepton asymmetries in the E 6 SSM. New particles and new sources of CP violation may result in the drastic enhancement of lepton decay asymmetries. We demostrate how the new couplings increase lepton CP asymmetries within seesaw models with Sequential Dominance. Successful leptogenesis can be achieved for a wide range of parameters. To provide a quantification of the resulting baryon asymmetry requires detailed study of the complete system of flavour dependent Boltzmann equations.
